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ABSTRACT: 

PROBLEM TO BE SOLVED: To provide a high tensile strength steel superior in 
fracture resistance characteristics of weld, which enhances safety against 
fracture of a structure by increasing an energy absorption in a heat affected 
zone of weld during a migration process from ductile fracture generation to a 
brittle fracture through propagation. 

SOLUTION: The high tensile strength steel superior in the fracture resistance of 
weld includes 0.01-0.18% C, 0.05-0.5% Si, 0.1-2% Mn, 0.01% or less P, 0.01% or 
less S, 0.005-0.04% Al, 0.001-0.01% N by mass%, and furthermore includes Ti, Ca, 
Mg, Ni, Cu, Cr, Mo, W, V, Nb, Ta, Zr, Y, and Ce as needed, 0.4% or less carbon 
equivalent (Ceq.), and Fe and unavoidable impurities as remainders. The steel is 
also characterized by that a weld heat affected zone within 3 mm from a fusion 
line has a particle size of 200 im or less of former austenite, Vickers hardness 
of 240 or less, and ferrite fraction of 30% or more. 
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S i :0. 0 5 — 0. 5%. Mn : 0. 1— 2%. P : 
0.01 %£JTF. S : 0 . 0 1 %tTF. A 1 : 0.005 
— 0.04%, N: 0.001—0.01 %£~&#U $ 
^tC^StJSt-Ts Ti, Ca. Mg. Ni. Cu, C 
r. Mo. W. V. Nb, Ta, Zr, Y» CeJ#| 
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3 mmuii*i£0?g«^«ajfflifi 
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Wit Sr^i: , SMaiftt*4^£ftft.3ttft 
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[M*3H1] fl%t, C:0. 0 1-0. 18%. 
Si : 0. 0 5 — 0. 5%. Mn : 0. 1 — 2%, P: 
0.01 %&T, S : 0 . 01 %UIT, A 1 : 0 . 00 
5 — 0. 06%, N : 0. 001—0. 0 l%£-£# 
U TIE ( 1 ) ^T^^tL^^SS* (Ce 

q. )&o. 4%ott\ a*Feat^ner*Eft3&»* 

Ceq. =C%+Mn%/6+ (C u%+N i %) 
C r%) /5 

[|f^2] ff%T*. Ti : 0. 0 0 5 — 0. 0 3 
%, Ca:0. 000 5-0 . 0 0 3%£-&*U ^ 
-3. RffiSSt'O . 0 0 5 — 2 ^ mcrmim%t?&W- 
fiHWSfc WmWsX', 1 0 0 — 3 0 0 OiI/mm 2 # 
fL, ISBHfcftcOfflJ***. ^<HCa, Al, OS: 
OfcBfcVVfcjESjPKMJfrC, Ca : 5%UIL, A 

i : 5%ja±, ***^-4;t&wafc^ftiiM&Bit 
[ w^ir 3 ] w i B8«s^a«^ < 1 1> c 

Ca : 5%&±. Al : 5%UUi. S : 1 %m±. Srlr 
3r?hl\b*%m frt&n *a 2 ^IEtt<7)^»gEeoW8g 

[|f^4] fl%t. Ti : 0. 0 0 5 — 0. 0 3 
%>Ca:0. 0005 — 0. 0 0 3%, Mg : 0 . 0 
0 0 1-0. 0 0 2XHtU iH. P3fflS 
flT'O . 0 0 5 — 2 m<^S?M»i^£*{]MtS*: K) 
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IH*-XT"^-f MSffi : 2 0 O/zmJiTF. 
b"-7^?-X5I§ : 2 4 
7i5^f b#*: 3 0%£1±, 



15 + 



( V%+Mo% + 
■ ■ ■ ( 1 ) 
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cO«T\ 1 0 0-3 0 OOl/ram^tL, 
i«W,^<HCa, Al. Mg. 0£#^. 
05-^Wc7C^'«*Jt"C\ Ca : 5%ULh. Al : 5 
%W±, Mg : l%JiLL. &itimZ.b&tiWLkVi 

[ it *ii 5 ] in mimm.=? ^mm^^ <bhc 

a. Al, Mg, O, SSr#^, 0£Bf^fc7c3IS#SJI 
Jt?\ Ca : 5%iiLh, Al : 5%IiLh, Mg : 1 

±. s : i%ja±. **r*-4£fc*»«i:-*-4ii!*JH 

[lf^H6] fl%T, Ni : 0. 1-2%, Cu : 
0. 0 5—1. 5%, C r : 0. 0 5— 1%, Mo: 
0. 0 5— 1%, W: 0. 1— 2%. V : 0. 01 — 
0. 2%. Nb : 0 . 003 — 0. 0 5%, Ta : 0 . 
01 — 0. 2%, Zr:0. 00 5 — 0. 1%, B: 
0. 0 00 2 — 0. 0 0 5%. <7Dl«4ifcli2fI£Ui£ 
£ b SrWmt -thm&m 1 - 5 WfttfrizSZ 

ffi$Z%7] Y:0. 00 1-0. 0 1 

%. Ce : 0. 0 0 5 — 0. 1%. <7)3 l§4fe(22 



(Heat Affected Zone : HAZ) H 
- ^ £ ft/]NRt= < l *it«> Sit **T # 5 ?§fSSP«WK* 

*e>m. mmm<r>mwmm.^^mb'thmmmmmb 
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30 ^ro^t «t o . -*wtc**z>jeis t . mmmz 

■ fi5*fc*J»t4x*/MMKiK£:*fc <t?-s Zkiffm 
[0003] ®ffljft«<Z)f&£ ■ gSKtiW-ix*;^- 

^—"sm. mm^m^t & tx-^x.^i^-WMZm 

40 ffiffi & 1 1 £S*> S ^W^'S) So jDi.T, IS®ttW*3§ 

S, 

[ 0 0 0 4 ] 3rfc, ffitt#ak9ft»ffiffi<9iFff»5£¥a 

ttx\ jet*vua=w»^fcu±, 2mv 

[0005] -swco^ta, mti,z& 

^50 ^Atl b MI L<7)lal(C 7i7-f h ( a ) Xt-JM 
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Mr) ^m^ismt^imjmittt^m (ql 
t»d , ^Sox^aa (tmcp) t;tswc. »r B i 
ragf* , mtssm z « *«-£i4«t § & xm $> § * 

& (DLTS) . ^tCj^lf^affikllJJ^/l^y 

[ooo6iic. «— uttttMHt lt , - 2 10 

3 3 4 1 4-^ffiOffl^$;flT^& J; d£r, 

±t*g Ltzum&$>z>&. tmc p^ijtts jnia^aj 

& fc i> *»BJO j; a fcWttWI*ttl*Lt* Sim Ltz 
[00 07] fcrtf U JJSO— &Wfll±#©{±£T# 

mjm<com^ziam^ixtmmfmmm (ha 20 

%t£ L^mmmft*. mmmz&tbizmmxzz^mm 
mmmz&x^xmm-tt z tmm^mx-h 0 , m 

[0008]-*, ffitt#S«Wtem#tt^|Bl±fe«T^ 
[0009] 

SMS** 1 0 k J /mmfcjH*. h i. 0 ttAmmmziS \f& 

m&.-r&M*m&-t& z t ttmmt -t& . 

[0010] 40 

i: Mv/I^>*-tM hft&^iiv/l-r 
>-+M htt»t-ai»9rt*trfflt^«S-fr4i tariff 

i: liffi JtT* 9 , * , Bf&X* £fzk VXi> fflStf ±f» 

[00 11]Kf> #3SHJ!*£>«:. AA»?§ffi«M# 
«W»*£fcVvt»)&&nirtt'C\ ft-«W, ft 50 
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SttlSEfimtt. KWtt**i: fctSfft, K^WfcH 

(OIMHWI* WWT* Lit £ Jil MS Liz . 

Zt^m^-MzLfz. 
\n#-X7-i-4 hfefl : 2 0 O/zmJiTF. 
b"-y^-X®§ : 2 4 0JJIT, 
7x5>f b^-* : 3 0%tl± 

[0012] iit, IB^-x^-h-^ K©t (±, ?§f#^ 

[ooi3]4fc. ^xmmsiza^x. ±ie«®fr 
zmtfz-t h tzMzn, M&zm^ti^mim.m^mzti 

[0014] $ Mtt. «Mtfli««o«:Wtw(i. JJB 

h h b k i> nz . mmmtmmza ^x . v-vt-xm 

§ : 2 4 OOTs 7i7^f h^-* : 3 0%JBLt*fl@St: 
iaja^ifcAfctt, M*^Mt-?tlilT (0. 4%Jil 

[0015] *^BJ{±, JJEjHl.(c»^V^T, 

[0016] ( 1 ) W3l%X\ C : 0 . 01—0. 18 
%„ S i : 0. 0 5 — 0. 5%, Mn:0. 1—2%, 
P : 0 . 0 1 %VXF. S : 0 . 0 1 %UTF, A 1 : 0 . 
005 — 0. 06%, N : 0. 001—0. 0 l%£-& 
*t, Tf 2 ( 1 ) #C**it4JH*S* (Ce 

q. ) #0. 4%arx\ m$F emt^w^mrifr 

^K>. Ii»7 a--/'a >7^f 3 mmHrtf) 

\B*~Xr1--f Mm : 2 0 O^miiTF, 
b"-y^-XJg$ : 2 4 OlilT, 

7i5^f hftm ■■ 3 o%ia_h, 

■c* hzk ^mw.t-thmmm^>mwm^mzm.fitzn 
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Ceq. =C%+Mn%/6+ 
+ C r%) /5 
[0017] ( 2 ) ff%t> T i : 0 . 00 5 — 0. 

0 3%. Ca : 0. 0005 — 0. 0 0 3%JML< 

HffiSflT' O. 0 0 5 — 2;umcDgtft!$jfeT£# 
fifflWStf: 9cD«T\ 1 0 0 — 3 0 0 0ffi/mm 2 # 

#U wmmtcommr. ^<ktca, ai, os- 

OtHsV^jBfeWHJtltT, Ca : 5%liLh s A 

1 : 5%jyji, t*rr4if:t*jafcf4. ttrie 

( i ) izwMeomm&cowimiim&ttzfctitzftS&jiM* 
tools] ( 3 ) mimimm : T-co®.i&tf'j?%:< t l 

Ca. AK O, S£#A. 0£Rfc^7C*#jr*Jt 
T\ Ca : 5%ULh. A 1 : 5%«±. S : 1 %fc[±. 

*1$^hc\b ZWtikt-t&mnZ ( 2 ) (cenottttfl! 

[0019] ( 4 ) ©M%T\ T i : 0 . 00 5 — 0. 

0 3%. Ca : 0. 0005 — 0. 0 0 3%. Mg : 
0. 0 00 1-0. 0 0 2%£-gr*U IHtfts 

Hffi m mx- o . o o 5 - 2 ^ m cvMimuT z mmm 

^^lO^IST". 1 0 0 — 3 0 0 0l/mm 2 ML. 
WmWfacrmmt. ^HCa, Al . Mg. 0£ 
0£Hrt*fc7E*WttJfct\ Ca : 5%IiLL. A 

1 : 5%IiLh. Mg : 1 %JiLh. ***^4i 
fc-r&frffB ( 1 ) fc^OjtM«Wtt*l^(=«^ 

BSfcfcM. 

[00 20] ( 5 ) mfBlM^c9ffi)£a^&< t i> 

Ca. Al. Mg, O. S OSr^V>3t7ES* iJ K 
MJfrC\ Ca : 5%tl±. A 1 : 5%ULh. Mg : 1% 
£Ui, S : i«J2Lh, *-fr^rf-4ik*1«Rfc^4WiE 

[00 2 1 ] ( 6 ) MM%X\ N i : 0. 1—2%, C 
u:0. 05—1. 5%, C r : 0. 0 5— 1%. M 

0 : 0. 05— 1%. W : 0. 1— 2%. V : 0 . 0 

1 — 0. 2%, Nb : 0. 00 3 — 0. 05%, Ta: 
0. 01—0. 2%. Zr : 0. 005 — 0. 1%. 
B:0. 0 0 02—0. 0 0 5%, CD 1 Si^W; 2 «14. 
±&*imcib&waib~r SitufE ( l ) - (5) w> 

[0 0 22] (7 ) MA%X\ Y : 0. 0 0 1 — 0. 0 

1%. Ce : 0. 00 5 — 0. 1%. CD 3 *> 1 Sifc /if± 
2«£^-f4£fc£#afc-f4MIB ( 1 ) - (6) CO 

M. 
[0023] 

cOPISaifc-f-cO-f^fflSra^. otvc, ffi$gfrcDEB5g 
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(Cu%+Ni%)/15+ (V% + Mo% 

■ • • ( 1 ) 

* y±frm?cwmi,zm-T&mft$:i£'<.&. 

[0024] C\m0Mm&fo±Z-£&im%:f8ftb t 
Xlrifti icOT". 0.01 %*M?tiffl»mM&&£ 
5^WK«^flfc6«ffl(rr*4**, 0. 18%£S.i4}S#J 

««a^ifimJHBh.tt*ffiT $ it 4 ^46 . o . oi- 

0. 1 8%0£EHfc Lfc„ 

io [0025] mz. s i {iMS&c*t l*c . afc, -aw 

Ute*£fc:» -*W£^4^S#<ft4 0 £^cd3& 
*3&*BJSIt^:5 0.05 %tLLco^Jn^^ST' 

£>4. -2f. o. 5»*]Hi&3i«<o**liffl*&iMb 
ft£ffMLTffitt^14«£Mfc;£*S<. tiT, si co 
4gH|{S0. 0 5 — 0. 5% fcLfc. 

[0026 ] Mn«#«c05iJK. Btt<0««fc*B!ar7C 
«T$> 0 . ft « 0 . 1 XJ&k&Irt 5 A 5 * § * s s 
Jfiffcltrfrf 4 t . W«ffi<^jfi^e#IMb»fcJ: Off 

20 mm^mm^m^. zbtzmmh&tkx&tezit 

&tztb, WM±f i F§-r-#-S»SeHT'±Pfi^2%t L/t. 
[0027] P\&mWmX°fo 9 . *tf5Wttfc*tLT 

£0.0 l%isf 4„ 

[0028] s(ij^Wtt{dWW*aBr^-^»eHj7SR 
T* 0 , ffSTS 4M£: LT_LRB£ 0 . 0 1 %£-f 4 
a*, o. o o 5%aT),zi&m-t&zttiW£ U>. fcrtf 
L . M^S^^t^SiiT-Mf^f^gPcoaP^-X 

£8§flirrs „ ^co«^r, o. 002—0. oo 5%cdHs 

[ 0 0 2 9 ] A 1 {±M®. Jp»rSSco»i-f^^*S& 
=&7C*T'S)4^. S&SSrWf-43t*t(±0. 0 0 5% 
ELhGfrt — 0. 0 6%£@;tTji§ 

ffl^ilO>£#J*UT3^*#ffct?-fr4fctf>, 0. 0 

o 5 %— o . 0 6 %cDmmizmfe-t 4^a*& 4 . 

40 [0030 ] Nliffl»*OBTtiSEtt. WI4t^«Sr& 
S'-T^ft. *JMBfcfeviT{i#4L<=5rV^ v. ai 

i bmu^xrmm.wt^m\immz^mizm< 
tz*b. mmx'hix^mwmw^^z-^mx'hh. t 

^5 0 . <&ma±t,zi&M-i-& z t ammjMizm^M.m 

x\ mmnm^conmm^x-^ stent lttrs* 
50 t. Stt^f9ttt:®»«*a{r^-«r«fitt3&**sfe*. ft 
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&WB8b LX±M% 0 . 0 1%k-T&. 
[ 0 0 3 1 ] T i (i^^*^#gp«Jn*^--Xir^->f b 

0 3% i tmLh b fflA&T i N^lgM^ffM-TSf&fx 

to. *^HJ}(cfcV>T(±Ti(±0. 0 0 5 — 0. 
0 3%tl®5E-ri>o 

[0032]CatTiJ: |h|«, BHM&^*B#ic£' H 

S JtAKtt 0 . 0 0 0 5 %«±^STS, 6—*. 
0. 0 0 3 & tl^igtt^BttJ^tt 
SStU^&Ttto. 3|s%BJ^*5^-r«±C aliO . 0 0 0 

5—o. o o 3%o$i:£-f-§„ 

[0033] * . Mg i>mitwm^mz^mxh 

9. ^W^Jtett?Mn-ri><. 5SJirf-^*^i. o. oo 

0 1 — 0. o o 2%otfflk-f ;wio. 000 

l%fcffiX~l,Z%)$ktftymX'%:<, 0. 0 0 2%gt'l±S 

[0034] a±.fi\ jfwniz&\^x&m.&h\A±mm 
ttmm^mm^comm&xh & a*. *muz& 
■ mft&vmcotitbiz^ i&mzmtx. n 

1 . Cu, Cr, Mo,W, V . Nb, T a . Zr, B 
[00 3 5] N i imttCD%6.mt%!&£m«$lZ\b]±.X' 
tt 0 . 1 %£J.±Lcr>WfiatP&WX'$> 5, N i fi<iift&ir$- 5 

3M<J k & o T . H A Z V FJtSO « ft* 
£ £> fc<± . 1SW^tc*T"$> S to . S3?tt #Jf t X . 
[0036] CutNi fcfi»R«<^B«*irf-47aR 

•c* & a*. 3S»*&%#-t s s fc»t=« o.o5 %a±co 
mnntfiizsx'fo o . 1. s^s^^jpTJiisoauxtt-^ 

HAZWttfcRHI*±t.*)t«), *aWIfci3VvCfc|:, 
0. 0 5—1. 5 %coteHtRS^-S o 
[ 0 0 3 7 ] C r (4«Att»rtr±, SftSfrfc£J: 93HK 
IftLtfciflS&S^cSftT* "3 . t & fcfefctt 0 . 0 

5 ^fiLbBBT* & **, C r tijftWiClfiairf-i k flg $ CO 

ma, mxffimmcomfsm&mLx . mm^nAz^m 

[0 0 38] Mo fcc r k H«<Z)3Mlfc: «* oTOSfcEf 
S^S£&a'£&^t5Hk LT. 0. 0 5— 1%£R65£ 
[00 39]WtCr, MokR»9«»»fc±-jTStK 
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[0040] v{i±i; Lxm&ftMzi. DMfcK-fllteW 

»ftt«aw-&fcftt=J4, o. oi%m±{±^ 
•m. o. oi—o. 2%<7>gmizmfet&. 

[004 1 ] NbfSIM, tfrKSfrftKJ: OfifcSTiS 

tcmmzm^tztb. Mmmt^±i / z^mx"h6 . m 

«*fBW*fcftfc:(i, 0. 0 0 3%J«J:ttifi3rC26 
& . fcrtfL . 0 . 0 5 %SrSi.T3i*iJ^SDt-& b . ffi 

0. 0 0 3—0. 0 5 %<7)teBC;iRB5£-r& o 
[0 04 2] TaC>Nbh|lI«W»!)*Sr^rL. MIESCO 

aamte.fcOiMk Btt^ieiite**"*-***. o. 01% 

5t£»ri3a»*fi«?H«tfc:i4**1*, 0. 2%SrSx.§®fiJ 
20 §^:to, iEHSrO. 0 1—0. 2%b^~h. 

[0043] z r taaiijitiHBp&Taircft&jo*. s& 

^%M-th fzMzl± 0.00 5 %tLb^®T'* S . - 
7f. 0. l%^|S^T)MiJ^Jp-rSfcffl^Wai^Sr 

jBj*LTOtt£HW»*xar-rfc*» ±Rat o . 1 %t 

[0044] B(±«MT-MAtt^ffitoS7C«T"$) 0 , 
flSMEfl: tSSWOTXT* 4 . B J4BBJIPKJIIT r 

^jFTftS^, 0.0 00 2 %*if Tiieif^tOfBW* 

^o^D. S&A(c(f 6o*jW*tfci5 L-^-T< : Sr^Jtto 
if4U<4v». — JSr, o. o o 5%£Mz-xmm-t& 

b , m^m^m>WMmmmxm±^tii^mm-t 

B^OlEia^O. 000 2 — 0. 00 5%i:t4 s 
[004 5] *5MHfcti^Tli, ffittOlfiLh. 

[0046] Y. Ce tt^"«l«>MflS«I*«IDfl:*-frT 
HAZ<OgfiH»HAZWttm±fc«»fc:«<. * 

co^m5-^arrsjtto(7)Ti^<7)^Mii. Yt±o. oo 
1%. ceiio. oo5%m„ — 7f. as*it^*i- 

VC*m<tz#>. ±M*&X. YttO. 0 1%. Celi 
0. l%b-t&» 

[0047] *aKHt=*Jl«^Tti* fefc, ( C e 

50 HAZcOSiaW^Oa^. I5t7x7^ 
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5:436*. lJB*lSf:!3rSAS!R3S*l 0 k J/mm£U:^ 

W\^T1S8S§ ft Sit, fflH^MIffl^ 20 

(ifg-fifWciilB^-x^-M hSfST-^S^ixS fc» 
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wmmt i o «j3Lhw»-c* , mmrnm^ mm 

W^ftS. 40 

[00 5 1 ] §i?>t s HAZffl^4i«7 i7-f b#^& 
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75 7^1^3 0 %iiLhT-& s t . m 3 

ttl»S*7x7^ hfclB^-^T-^ httrtt^W- 
4 SfcK * 4 v *l4#Mfc«firt 7x7-fb«St^Ltu 
4. 50 
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ziz°>->7iz. : 7-t-t&ijmmHz. Ti, N^coMYt 

4o fcfiL. iiX^»#K(±i§tgA^l 0 0 k J/m 

WW^-ftfrti^T^HAZOlBsr-X 
7"-^-^ NSS*IWWt;'f-4#ai: LTJ^-rtt+^T' 

Z«|B:+-Xt"^ lSM2 0 0MmfllTt«Ift 

[0053] mnffr^-^-ri-J hn^mn^t-thfz^ 
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